At the end of 1995 the Bureau of Economic Analysis introduced chain weighted Fisher ideal indexes as the primary measures both for real GDP and its components and for the price data associated with the output measures. In response to these changes macroeconomic modelers were forced to rework the affected sections of their models. This paper describes the accommodation of the Indiana University Econometric Model of the U.S. (Indiana EMUS) to these changes. We briefly describe the overall structure of the Indiana EMUS and outline our overall strategy for dealing with the chain-weighted data. We chose to focus the model on output data stated in terms of chained 1992 dollars, rather than the index numbers themselves. We decided to utilize implicit deflators rather than the chain weighted indexes as our price variables. The main focus of our discussion is the price determination portion of the model, and some of the issues, in that regard, we have confronted in adjusting to the new data regime. Prior to 1996, the basic data for real output in the National Income and Product Accounts produced by the Bureau of Economic Analysis (BEA) were constructed by valuing output at the prices of a fixed base year.
1.
The Indiana Econometric Model of the U.S.
The Indiana Econometric Model of the U.S. is a medium scale model of the U.S. economy. 2 The model currently has a total of 217 variables, 162 of them endogenous. These are determined by 59 estimated 1 Technically, the new numbers are Fisher Ideal indices each calculated as the geometric mean of a Laspeyres index (constrtucted using period ago prices) and a Paasche index (constructed using current period prices). The BEA decided to use annual average prices to construct the Laspeyres and Paasche ingredients, for quarterly as well as annual data. This means that initial quarterly estimates can only be calculated as a Laspeyres number (since full current year price data will not be available). The BEA then adjusts these initial estimates when the data needed to construct the Paasche index is available. The result is that the last several quarterly numbers are a "Laspeyres tail" not a Fisher index.
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The EMUS was developed by the Indiana University Center for Econometric Model Research (CEMR). It has been used to produce medium-term (2-3 year horizon) forecasts on a quarterly basis since the early 1980s. The Center also produces regular forecasts using a medium size econometric model of the Indiana state economy (the EMI), and a relatively simple model which disaggregates certain state level variables to the sub-state level.
Periodically both the EMUS and the EMI models are used to produce long-run projections (20 year horizon).
Behavioral equations of the models are estimated, primarily using the RATS econometric package. Equations described later in this paper were estimated using RATS, Version 4. See Doan (1995) . Data are obtained from the DRI/McGraw-Hill Basic Economics database. Most forecasts are done using software developed at the Center. Some features of an earlier version of the model are documented in Green et. al. (1991) .
behavioral equations and 103 identities. The structure of the model can be broken down into six sectors:
equations related to the determination of aggregate expenditures, to the determination of income, to labor market variables, to financial variables, to government finance, and to wage/price levels. The last of these will be taken up in section 3. The others are described briefly below. Figure 1 is a flow chart showing some of the main linkages between sectors of the model. A set of tables in an appendix provide additional detail about the five sectors discussed below.
Expenditure sector. The model has a Keynesian structure with the level of output determined proximately by aggregate expenditures. In the current version of the model, expenditures are disaggregated into 12 categories. Real levels for two of these [inventory change and exports] are treated as exogenous. Federal expenditures (defense and nondefense) are exogenous in nominal terms, with their real levels arrived at using their associated implicit deflator. The equations for the real levels of the others are reasonably standard, reflecting variables from the income side of the model, financial sector variables, relative price variables, and labor market variables. Consumption equations are permanent income type specifications, based adaptively on real disposable personal income. The equations also contain some short-run effects associated with changes in the labor market situation (specifically changes in the unemployment rate), and Rule." [See Taylor (1993) ] The other two interest rates in the model (the prime rate and the AAA bond rate) are related to the T-bill rate with term structure equations which have an error-correction specification. The sector also contains money demand equations which determine M1 and M2. However, these monetary aggregates play little role in the current specification of the model.
Government finance sector.
The NIPA budget of the federal government contains several behavioral equations (for example for transfer payments) and a number of variables which are set exogenously (for example, several tax rate variables, the levels of nominal federal defense and nondefense purchases, and the level of federal investment expenditures). These interact with variables determined elsewhere in the model to determine components of the budget. The state and local NIPA budget situation is similar, but the proportion determined endogenously is higher.
Strategy for the New Data Regime
Faced with an inevitable need to rework major portions of the Indiana EMUS model to accommodate the switch to chain-weighted output, we decided to use the opportunity to rethink the basic structure of the model. In doing so we came to the conclusion that in several regards the model was more complex than was needed for our purposes. Aggregate expenditures, for instance, were disaggregated into 27 basic categories which were added to form broader components and ultimately GDP. Many of these subcomponents were of little intrinsic interest to us. Further, it was not at all clear that we could get better estimates of the more important broader aggregates by building them up from individual estimates of their components than we could achieve by estimating equations for the broader aggregates directly.
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In addition, with the chain-weighted indexes, each level of aggregation would introduce an adding up residual into the model.
Our eventual response to these issues was to significantly reduce the level of detail regarding aggregate expenditures. 4 As mentioned earlier there are now only 12 basic components. These are aggregated into 5 broader aggregates, each with an associated residual. 5 Equations for the 8 basic components which are endogenous are estimated using data expressed in terms of chained 1992 dollars. In general, we have found that these series can be modeled much as could the earlier fixed-weight data series. The aggregation residuals are modeled as simple AR processes with order 4 or lower.
In dealing with prices and nominal expenditures we adhered to the KISS principle. To begin with, we felt that the real x price = nominal identity has a basic intuitive appeal. The most direct way to achieve this is to work with prices in the form of implicit price deflators. 6 This approach also has the advantage of familiarity. As will be discussed in more detail in the following section, we model the implicit deflators for most of our basic expenditure components using behavioral equations. 7 The various nominal components of expenditures are then derived via the real x price identity. 8 Broader nominal aggregates 3 This is an issue which we regard as an open question for our model. We do have an extensive history of our forecasting performance using the old structure, and we are now accumulating experience with the current version of the model. The model was downsized in other ways, as well. In all, it lost over one hundred variables.
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The five broader aggregates are personal consumption expenditures, federal government purchases, total government purchases, final sales, and GDP. In principle, of course, the chain-type price indexes also satisfy the real-nominal identity.
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The exception is the import price deflator which we treat as exogenous.
8
Nominal inventory change is estimated directly. The choice between implicit deflators and the chain-weighted price indexes raises some interesting issues.
In general, the pairs of price series for a given aggregate track each other closely. Figure 2 shows the percentage differences between nine pairs associated with major GDP components. There is little discernible pattern to the deviations, which are neither persistent nor large. 
Price Determination in the Indiana EMUS Model
The price sector of the model has become simpler over time. Until recently the heart of the sector was a 
where X represents aggregate demand and supply shock variables. 10 In the version of the equation discussed here, these include the unemployment rate, a GDP gap variable, and dummy variables for the Nixon price controls. The distributed lag on past inflation has four lags using quarterly data. If estimated unconstrained, the coefficients in this lag structure (the β i ) sum to less than one. In this case, the equation implies a steady state tradeoff between inflation and unemployment. In a typical estimation, 11 the price level would be stable at a maintained unemployment rate somewhat above 6%. If the unemployment rate 9
At times we have noticed some more significant divergence in the final few observation for some series (especially the three pairs down the right side of Figure 2) , with the deflator lower that the chain index. These data points comprise the extreme end of the "Laspeyres tail" of the chain-weighted series. For such quarters the chain indexes are calculated using only previous year weights. If this tail problem results in an upward bias to both a chain-weighted price index and the corresponding chain-weighted quantity index, it would produce the pattern observed. Eventually, of course, as the data becomes available to calculate the Fisher index number, any tail problem will be revised away. Further, the problem is not present in the most recent data (shown in Figure  2 ). Even so, it suggests that care should be exercised in interpreting the final few observations in the chainweighted series.
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This specification is a version of what Robert Gordon has dubbed the "triangle" model since it contains three determinants of inflation: inertia, supply variables, and demand variables. See Gordon (1997) .
11
The model is reestimated on a quarterly basis, so there is no definitive version of its equations.
were held at 4.5%, inflation would eventually reach over 16%, but the convergence to that level would be quite slow. Starting from a stable rate of 2%, inflation would reach just over 4% after a year, and 6% after 9 quarters.
On theoretical grounds, we feel more comfortable with a specification in which there is no long-run tradeoff. 12 This requires that the lag distribution coefficients sum to unity. In this case, the price equation has a NAIRU. If unemployment is maintained below the NAIRU, inflation will rise without limit, and conversely. A typical estimation using data since 1970 gives a NAIRU of about 5.75%. 13 Although this is similar to many estimates in the literature, recent experience suggests it may be too high. On the other hand, the equation implies that for unemployment rates within ±1% of NAIRU the acceleration/deceleration of inflation will be relatively slow. Table 1 gives several examples. The first three rows illustrate the effects of a sustained stimulus beginning with inflation at 2%. The second row, for instance, shows that if unemployment were held at 5%, the inflation rate would rise by a little over 1% after one year and about twice that after two years. 14 The last three rows show the degree of disinflation 12 This opinion, which not long ago would have been non-controversial, is currently being challenged. See Akerlof, Dickens, and Perry (1996) , Fair (1996) , Eisner (1997) , and Galbraith (1997).
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Actually, since the equation also contains a GDP gap variable, the implied value of NAIRU depends on the relationship between the unemployment rate and the GDP gap. The examples in Table 1 are based on a calibration which assumes that the economy was operating at potential in 1995. Estimates of NAIRU like this one are subject to significant statistical uncertainty. See Staiger, Stock, and Watson (1996 , 1997a , 1997b .
14 Estimates by others indicate even less responsiveness. Stiglitz (1997) reports that equations estimated at the CEA find that unemployment one percentage point below NAIRU will raise inflation by only 0.3 to 0.6 of a percent after one year. For short-run forecasting purposes, the difference between the equation in constrained and unconstrained form is quite small. With an unemployment rate of 4.5%, for example, the unconstrained equation gives inflation of 4.1% after one year (compared with the 3.9% shown in Table 1 for the constrained NAIRU model). After two years the rate is 5.6% for both equations; at five years the unconstrained model inflation is at 9.1% (versus 10.6%).
Subcomponent deflators.
The deflators for the base-level components of aggregate expenditures are modeled with behavioral equations of the general form:
where P is a component deflator and X represents aggregate demand and supply variables. The presence of PXPD terms in these equations means that the component variables are basically being estimated relative to this overall price measure. Table 2 summarizes X variables which enter our component deflator equations in an economically significant way. A few equations contain variables not shown in table 2, but these generally play little role when the model is used for forecasting (for example, dummy variables used to handle idiosyncratic events in the data).
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These are, of course, a partial equilibrium results. In any macro model, including ours, a change in inflation will produce feedback effects on output and employment. In our model these will include a significant move in interest rates from a Federal Reserve reaction function. If inflation rises significantly, the feedback effects will push unemployment up. A more sophisticated procedure for examining the employment-inflation tradeoff would be to apply a sustained shock to unemployment from a tracking solution of a model. Experiments along these lines are being undertaken by Michael Donihue.
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The patterns relative to the PXPD measure are virtually identical.
Conclusion
Our experience to date using the chain-weighted data suggest several tentative conclusions. First, and perhaps most important, the basic relationships in an empirical macro model do not seem to be drastically altered in the new data as compared to the old. In principle this is not surprising, since the new data should be a better approximation of the underlying reality, but it is comforting to find it holds in practice.
Second, the need to deal with the aggregation residuals which arise from the chain-weighting procedure is a rationale for working at higher levels of aggregation. Third, the Laspeyres tail in the chain-weighted data may pose some forecasting problems. One issue presented by the tail is whether to use tail observations when estimating behavioral equations. Our current answer is yes, but with attention to the residuals for those observations. Another problem involves the appropriate standard for evaluating forecast accuracy. Models like ours will forecast Fisher numbers, but initially the actual data will be 
